Objective: To report a large cohort of patients with antibodies against contactin-associated protein-like 2 (Caspr2) and provide the clinical spectrum of this disorder.
antibodies were analyzed along with patients with antibodies to LGI1 or unknown proteins considered within the VGKC complex. 9, 10 Overall, the clinical spectrum of Caspr2 autoimmunity remains not well-defined. We report the largest series of patients with Caspr2 antibodies and provide a framework for the clinical recognition of this disorder. METHODS Patients. The study population consisted of patients suspected to have autoimmune or paraneoplastic neurologic disorders whose serum or CSF were analyzed at 2 referral centers (Center of Experimental Neuroimmunology, Institut d'Investigacions Biomèdiques August Pi i Sunyer, Hospital Clinic, University of Barcelona, Spain; and Department of Immunology, Erasmus University Medical Center, Rotterdam, the Netherlands) between 1994 and 2015 (not published previously). Patients with confirmed Caspr2 antibodies were included in the study. Serum and CSF (if available) were tested using brain immunohistochemistry (IHC) and cell-based assays (CBA) in parallel in both institutions. Patients were considered to have Caspr2 antibodies if both tests were positive in at least one of the samples. Clinical information was obtained from the treating physicians in a standardized fashion after patient informed consent was received, or patients were seen by one of the authors (n 5 15). Peripheral nerve hyperexcitability (PNH) was defined as spontaneous muscle overactivity (i.e., myokymia, fasciculations) identified by the treating neurologist during physical examination or with electrophysiologic studies. 11 Morvan syndrome was defined as a combination of (1) cognitive symptoms or seizures and (2) peripheral nerve hyperexcitability and (3) dysautonomia or insomnia. LE was defined as an encephalitis with predominant clinical involvement of the limbic system (shortterm memory loss, difficulty forming new memories, behavioral disorder) or MRI fluid-attenuated inversion recovery (FLAIR)/T2 abnormalities in the medial temporal lobes. Pain was considered of neuropathic origin if it was described as burning sensation or painful pins and needles, or had a compatible nerve distribution. Relapse was defined as recurrence of symptoms after full or partial recovery, with sustained improvement for at least 2 months.
Laboratory studies. The CBAs for determination of Caspr2 12 and other antibodies, brain tissue IHC, 13 radioimmunoassay (RIA) to determine VGKC complex antibodies, and immunoblot studies 14 of 38 (89%) were male; the median age at symptom onset was 66 years. Female patients were younger than male patients (median 49 vs 68 years, p 5 0.008). The median time to nadir was 4 months; in 10/33 (30%) patients, the nadir of the disease was reached $12 months after symptom onset. Morvan syndrome was related to longer time to nadir than other syndromes (p 5 0.016).
Clinical phenotype. Sixteen patients (42%) developed LE. Ten of them had additional symptoms beyond the limbic system, such as cerebellar dysfunction or pain (LE plus, 26%), and the other 6 had pure LE (16%). Morvan syndrome occurred in 11 (29%) patients, and PNH in 5 (13%). Two of these 5 patients also had insomnia, and another 2 had autonomic dysfunction. Three additional patients (8%) had predominant cerebellar symptoms, and the remaining 3 patients had a single seizure followed by pain syndrome (n 5 1), painful polyneuropathy (n 5 1), or mild amnestic syndrome with frontal lobe dysfunction (n 5 1). The most common presenting symptoms were cognitive disturbance (26%), seizures (24%), PNH (21%), or neuropathic pain (18%). During the course of disease, cognitive dysfunction was reported by the treating neurologist in 79% of the patients and 53% had seizures. In addition to cerebral symptoms, sleep disorder (68%), pain (61%), weight loss (58%, median 10 kg), PNH (54%), autonomic dysfunction (44%), and cerebellar symptoms (35%) were common. The type of pain most frequently reported was neuropathic (86%), usually described as a burning sensation in the hands or feet; other types of pain included joint and muscle pain, thoracic pain, and lumbocoxalgia. The repertoire of 7 symptoms comprises the spectrum of Caspr2 clinical manifestations (table 2). In 77% of the patients, $3 core symptoms were present and 61% had $4. Although mainly contributive to patient recognition, these symptoms possibly differentiate Caspr2 patients from patients with other antibodies. Among 35 LGI1 patients and 62 NMDA receptor (NMDAR) patients, only 6 (17%) and 2 patients (3%) had $4 core symptoms (both p , 0.001), respectively. Diagnostic tests. CSF was normal in 65% of the patients (table 3) . Seven patients had mild pleocytosis ranging from 6-20 cells/mL. Four of 6 patients with neuropathic pain had unremarkable nerve conduction studies. Needle EMG showed hyperexcitability in all patients with clinical features of PNH. In patients with cognitive decline or seizures, 70% had unremarkable MRI, while 24% showed bilateral T2 hyperintensity of the medial temporal lobes. One patient presenting with ataxia and dysarthria had an area of increased FLAIR/T2 signal in the brainstem. A patient with subacute cerebellar ataxia followed by LE had cerebellar atrophy on the MRI at presentation.
Caspr2 antibodies were detected in serum with both CBA and IHC in all patients. CSF brain IHC was negative in 3 patients, all with a tumor (and presenting with Morvan syndrome). Possibly, CSF antibody titer was lower due to the predominant initial peripheral involvement in this syndrome and the presence of a clear systemic trigger of the immune response. Twenty-eight serum samples were available for VGKC complex RIA. The median titer was 414 pM; 25 patients (89%) had a positive result (titer .100 pM).
Immunoglobulin G (IgG) subtype classification was available in 19 patients. All sera were IgG4 positive (100%) and 12 were also positive for IgG1 subclass antibodies (63%) (figure 1). No clinical correlation with the presence of IgG1 antibodies was detected.
Comorbidities. Seven (2 female, 5 male) of 37 (19%) patients had a tumor, including 4 thymoma, 1 adenocarcinoma of the lung, 1 carcinoma in situ of sigmoid, and 1 thoracic mass without pathologic diagnosis (the patient died shortly after presenting neurologic symptoms). Among the 4 patients with thymoma, 1 had tumor resection 2 months before onset of neurologic symptoms, another had an unresectable thymoma that had been stable for several years, and 2 had a tumor relapse by the time of neurologic disease onset. Interestingly, 6/7 tumor patients had PNH syndrome with several additional core symptoms or Morvan syndrome, as compared to 10/30 nontumor patients (uncorrected p 5 0.029). Patients with a tumor had a similar progressive disease course as those without tumor (median time to nadir of disease 3 vs 4.5 months, p 5 0.72).
In addition to anti-Caspr2-associated symptoms, 3 patients (2 female) had myasthenia gravis (MG). Their anti-Caspr2-related syndromes included Morvan syndrome (n 5 2) and PNH syndrome (n 5 1). Two of them had recurrent thymoma at the time of presentation and the third had thymic hyperplasia without thymoma.
Four patients (11%) had additional LGI1 antibodies: 1 had LE, 1 PNH syndrome, and 2 Morvan Table 2 Contactin-associated protein-like 2 core symptoms and signs Treatment and outcome. Twenty-eight of 30 patients without tumor were treated with immunotherapy, and treatment effects in the first month were obtained in 23. The median delay between symptom onset and treatment was 6 months, ranging from 10 days to 9 years. Treatments included IV immunoglobulin (IVIg) only (n 5 4), IV or oral steroids only (n 5 7), plasma exchange only (n 5 1), combination of IVIg and steroids (n 5 7), combination of IVIg, steroids, and plasma exchange (n 5 2), or combination of steroids and plasma exchange (n 5 2). Additionally, one patient was treated with azathioprine, and 7 with second-line immunotherapy (cyclophosphamide [n 5 2] or rituximab [n 5 5]). Full recovery was obtained in 9 patients (39%) and partial response in 12 (52%). Two patients (9%) did not respond to immunotherapy ( figure 2A ). Six patients required repeated cycles of immunotherapy because symptoms progressed days to weeks after initial response (treatment-related fluctuations). The various therapeutic strategies could not be compared, due to small numbers and selection. Two patients were not treated. One of them had Morvan syndrome and died before treatment could be started. The other patient was diagnosed recently. He had minor cognitive impairment and refused treatment.
Four of the 7 patients with a tumor were initially treated only with immunotherapy. Two showed transient improvement and the other 2 did not respond. However, all 4 patients had full neurologic recovery after the tumor was identified and were successfully treated with surgery or chemotherapy ( figure 2A) . The effect of tumor treatment was unknown for the other 3 tumor patients.
The median follow-up was 36 months (range 3-168). Twenty-four of 33 patients (73%) had a favorable outcome at the last follow-up (modified Rankin Scale #2) ( figure 2B ). Four patients died: 2 died at initial stages of the neurologic disease and 1 during a relapse. The fourth patient died after 4 years in a nursing home (with serious cognitive residual symptoms and cardiac disease). Case fatality rate was 3% after 1 year and 10% after 2 years.
Seven of 28 (25%) patients with a $1 year followup had clinical relapses. Relapses occurred in 3/3 initially untreated patients and 4/26 treated patients (p 5 0.010), and presented 8-72 months after the initial episode (median 19 months; interquartile range 9-33). In 3 of these 7 patients, the diagnosis of Caspr2 antibody-associated syndrome was during the relapse. At relapse, 5 patients had symptoms similar to those of the first episode, but the other 2 developed different core symptoms of the disease. A clarifying case is a man who presented at age 61 years with visual hallucinations, behavioral problems, seizures, and ataxia. Six years later, he returned with PNH and dysarthria. The relapse rate did not differ between tumor and nontumor patients (20% vs 25%, p 5 1.00). 
DISCUSSION
We report 38 patients with Caspr2 antibodies. This is the largest and most detailed description of patients with this disorder and provides several relevant findings: (1) there is a well-defined spectrum of symptoms related to Caspr2 antibodies and most patients have symptoms affecting multiple areas of the nervous system; (2) the symptom development and course of the disease are often less rapid than those of The diagnosis of this immune disorder can be complicated by the presentation with a combination of symptoms involving the CNS and peripheral nervous system. Although the clinical picture may vary among patients, it usually includes a set of wellestablished symptoms. In 77% of the patients, 3 or more core symptoms were present, including cognitive deficits/epilepsy, cerebellar dysfunction, peripheral nerve hyperexcitability, insomnia, autonomic dysfunction, neuropathic pain, or weight loss. This repertoire of symptoms is consistent with the syndromes previously ascribed to this autoantibody in 2 series including 19 and 8 patients. 4, 12 Two frequent symptoms included neuropathic pain (61%) and cerebellar dysfunction (35%). Pain was previously described in patients with Morvan syndrome and Caspr2 antibodies 6, 15 and it was attributed to small fiber polyneuropathy. 15 Unremarkable nerve conduction studies in 67% of our patients support this hypothesis. Most patients with cerebellar symptoms had additional clinical features, such as LE. 12, 16, 17 Our findings suggest that cerebellar symptoms in patients with LE should raise suspicion of Caspr2 antibodies, although similar clinical features can occur in patients with antibodies to GABAb receptor, 18 Hu, 19 or in children with NMDAR antibodies. 20 In 30% of the patients, the disease evolved in more than 1 year, which is in contrast to the subacute onset of most antibody-associated encephalitis. 21 This protracted course of the disease can lead to diagnostic delays or to misdiagnosing the disorder as a primarily neurodegenerative disease, preventing the early use of immunotherapy. The low sensitivity of CSF pleocytosis adds to this difficult distinction. The VGKC RIA does not always test positive either, so Caspr2 should be specifically requested.
Most patients with confirmed Caspr2 antibodies were male (89%), which is in line with earlier reports (84%-88%). 4, 12 Autoimmune diseases are generally considered to be more frequent in women, but male predominance is also seen in late-onset MG. 22 The reason for this male predominance is unclear. Although the expression of Caspr2 mRNA in the prostate was suggested, 6 Caspr2 mRNA is also expressed in the ovaries. 23 Interestingly, the few women in our study were younger than men, frequently had an underlying tumor (none of them of the ovary), and showed high propensity to autoimmunity (MG and LGI1 antibodies).
Twenty-five percent of the patients had relapses, some of which occurred up to 7 years after the initial episode of the disease. Considering that the overall median follow-up was 3 years, the late relapses of some patients may suggest an even higher relapse rate. In almost half of the cases with relapses, the initial diagnosis of the disease was made during the relapse, suggesting that patients with a monophasic disease may be missed at disease onset, leading to an overestimation of relapse rates. This occurred in other autoimmune encephalitis such as anti-AMPAR 24 and anti-NMDAR in which a drop in relapse rate was noted after these disorders were better recognized Treatment effect and outcome (A) Effect of treatment in 27 patients (23 without and 4 with tumor). (B) Modified Rankin Scale (mRS) at follow-up in 33 patients. 0, no symptoms; 1, no significant disability, able to carry out all usual activities, despite some symptoms; 2, slight disability, able to look after own affairs without assistance, but unable to carry out all previous activities; 3, moderate disability, requires some help, but able to walk unassisted; 4, moderately severe disability, unable to attend to own bodily needs without assistance, and unable to walk unassisted; 5, severe disability, requires constant nursing care and attention, bedridden, incontinent; 6, dead. 26 and promptly diagnosed. 20 Similar to these encephalitides, about half of the relapsing cases with Caspr2 antibodies were not appropriately treated in the first episode. The lower relapse rate in treated patients vs untreated patients is similar to that seen in anti-NMDAR encephalitis. 20 One should be aware that in patients with Caspr2 antibodies, the symptoms at relapse may involve different parts of the nervous system than those involved in the initial episode (e.g., CNS or peripheral nervous system). A limited number of autoimmune disorders are associated with IgG4 antibodies. Recently, IgG4 antibodies were demonstrated in several LGI1 patients and in 3 out of 7 Caspr2 patients. 6 All our patients had IgG4 antibodies against Caspr2; this finding is important for a better understanding of the pathophysiology of the disease and has treatment implications. IgG4 antibodies have the property of being functionally monovalent through the in vivo exchange of IgG half-molecules (one H-plus one L-chain). 25 Therefore, in contrast to IgG1 antibodies (as in anti-NMDAR encephalitis), IgG4 antibodies are unable to crosslink the target leading to its internalization. Moreover, IgG4 antibodies show low affinity for the Fcg receptor, and are inadequate in activating cellular immune responses and complement. We postulate that IgG4 Caspr2 antibodies may be directly pathogenic by altering Caspr2related cell-to-cell interactions.
A limitation of this study is the retrospective collection of data obtained from medical records. Therefore, we possibly overestimated the true frequency of some symptoms, as missing information was not taken into account. Nevertheless, the current findings will improve the recognition of the core symptoms associated with Caspr2 antibodies as well as the frequent protracted clinical course and high relapse rate. Early recognition is important because our data confirm that immunotherapy and tumor treatment (if needed) are often effective in this disease.
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